Thiazolidinediones (TZDs) have been used in the treatment of non-alcoholic steatohepatitis (NASH). However, the magnitude of treatment response associated with TZDs in improving liver histology in NASH has not been quantified systematically.
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SUMMARY Background
Thiazolidinediones (TZDs) have been used in the treatment of non-alcoholic steatohepatitis (NASH). However, the magnitude of treatment response associated with TZDs in improving liver histology in NASH has not been quantified systematically.
Aim
To conduct a meta-analysis of randomised, placebo-controlled clinical trials (RPCTs) using pioglitazone and rosiglitazone in the treatment of NASH.
Methods

Pubmed ⁄ MEDLINE and Cochrane Central Register of Controlled Trials 2010
were searched until September 2010 and four RPCTs were identified. Peto odds ratios (ORs) and their respective 95% confidence intervals (CIs) were used to assess the efficacy of TZDs in improving liver histological parameters.
Results
Four good quality RPCTs derived from three continents were included. The meta-analysis showed that TZDs (n = 169) were significantly better than placebo (n = 165) in improving ballooning degeneration, lobular inflammation and steatosis with combined ORs of 2.11 (95% CI, 1.33-3.36), 2.58 (95% CI, 1.68-3.97) and 3.39 (95% CI, 2.19-5.25) respectively. The improvement in combined necroinflammation with TZD (n = 58) vs. placebo (n = 52) was also statistically significant (combined OR 6.52[95% CI, 3.03-14.06]), but improvement in fibrosis was not. When pioglitazone (n = 137) was analysed alone, the improvement in fibrosis with pioglitazone (n = 137) vs. placebo (n = 134) (combined OR 1.68 [95% CI, 1.02-2.77]) was statistically significant. The total body fat slightly decreased in the control, while it markedly and highly significantly increased with TZD treatment.
Conclusions
Thiazolidinediones significantly improve ballooning degeneration, lobular inflammation, steatosis and combined necroinflammation in patients with NASH. Pioglitazone may improve fibrosis. Larger randomised, placebo-controlled clinical trials are needed to examine the efficacy of thiazolidinediones in improving NASH fibrosis.
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INTRODUCTION Non-alcoholic fatty liver disease (NAFLD) is a common cause of elevated liver enzymes and chronic liver disease in Western countries. The NAFLD is characterised by hepatic steatosis in the absence of significant alcohol use or other known liver disease. 1 The term NAFLD comprises a spectrum of diseases which range from fat accumulation in hepatocytes with no associated inflammation or fibrosis (simple steatosis) or steatosis with inflammation to non-alcoholic steatohepatitis (NASH) that includes macrovesicular steatosis, lobular inflammation, balloon degeneration of hepatocytes, and zone 3 pericellular fibrosis. 2 Non-alcoholic steatohepatitis, as a subset of NAFLD, is associated with progressive liver disease and can ultimately lead to cirrhosis 3 and ⁄ or hepatocellular carcinoma. 4 Although a number of therapeutic agents have been studied in the treatment of NASH, there is currently no US Food and Drug Administration approved therapy. As the prevalence ⁄ incidence of conditions associated with NAFLD and NASH, such as obesity 5 and diabetes 6 continue to rise, it is anticipated that NASH will become an increasingly important public health concern. It is thus paramount to identify effective treatments to prevent and treat this disease. The pathogenesis of NASH is not fully understood. A well-supported theory describes peripheral insulin resistance (IR) leading to hepatic steatosis and steatosis, which subsequently sensitising the liver to different metabolic injuries leading to necroinflammation and fibrosis. 7 As insulin resistance is thought to be the inciting factor leading to hepatic steatosis through its effects of increased lipolysis and delivery of free fatty acids to the liver, 7 a potential intervention in NASH would be to target insulin resistance. One important mechanism of insulin resistance is the down-regulation of insulin receptor substrate-1 (IRS-1) signalling by excess free fatty acids, which have been shown to impair the tyrosine phosphorylation of IRS-1. 8 Impaired tyrosine phosphorylation of serine residues has the effect of deactivating IRS-1, which leads to IR. One class of insulin-sensitising agents are the thiazolidinediones (TZDs), which are selective ligands of the nuclear transcription factor peroxisome proliferator-activated receptor c (PPAR-c). 9 The TZDs bind to and activate PPAR-c, which in-turn up-regulates fatty acid disposal and facilitates insulin responsiveness. In addition, they are thought to promote fatty acid uptake and storage in adipose tissue, sparing other insulin-sensitive tissues, such as skeletal muscle and the liver, thus reversing the down-regulation of IRS-1.
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The aims of the present study were to perform a meta-analysis to examine the efficacy of TZDs vs. placebo in improving liver histology in patients with NASH and to conduct a pooled analysis of the effect of the selected TZDs, pioglitazone and rosiglitazone, on pertinent anthropometric, biochemical and histological parameters in patients with NASH. This would assist clinicians in better assessment of the benefits of TZDs in NASH and would help design future comparative effectiveness studies in NASH.
METHODS
Search strategy and selection criteria As detailed in Figure 1 , the following databases were searched from their inception until 9 ⁄ 25 ⁄ 10: PubMed, MEDLINE and Cochrane Controlled Register of Controlled Trials 2010. Indexing terms included non-alcoholic steatohepatitis or non-alcoholic steatohepatitis or NASH in combination with Pioglitazone, non-alcoholic steatohepatitis or non-alcoholic steatohepatitis or NASH in combination with Rosiglitazone or non-alcoholic steatohepatitis or non-alcoholic steatohepatitis or NASH in combination with insulin sensitizers. Although the TZD troglitazone has been studied in NASH, 10 it was taken off the market for severe hepatotoxicity, 11 the bibliographies of seminal primary and review articles was also performed to identify additional studies. Inclusion criteria for meta-analysis included (i) randomised placebo-controlled clinical trials (RPCTs) in patients with NASH, (ii) minimum of 15 patients, (iii) minimum of 24 weeks of treatment and (iv) well-defined treatment outcomes, defined by reporting at least one of the following: changes in serum ALT or AST or liver histological parameters related to NASH.
As the number of randomised controlled trials for NASH was small, we included description of pilot studies in the research synthesis to capture the entire spectrum of treatment experience in NASH with pioglitazone and rosiglitazone. Case reports or series were excluded as were review articles. Trials were also excluded if relevant data were not extractable or if the trial lacked inter-independence with other trials, or lacked peer review.
Data extraction and quality assessment One investigator (EB) carried out the literature search and data extraction. Two investigators (FP and RL) independently reviewed the studies and determined whether they met prespecified criteria in addition to verifying the extracted data with complete agreement. Utilising the techniques described previously, 12 quality was assessed based on the design of the studies and is described in Supporting Table S1 . The studies included in the metaanalysis were in addition assessed for quality based on the Jadad 3-point scale [Was the study described as randomised (this includes words, such as randomly, random and randomisation)? Yes = 1, No = 0. Was the method used to generate the sequence of randomisation described and appropriate (table of random numbers, computer-generated, etc.)? Yes = 1, No = 0. Was the study described as double-blind? Yes = 1, No = 0].
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Histological parameters Three well-described scoring systems, including the systems described by Brunt, et al., Promrat, et al., and Kleiner, et al., [14] [15] [16] were used to assess liver histology in various publications. Data used in our meta-analysis were extracted as reported by the authors based on the assumption that the improvement or worsening will be captured uniformly by all the three systems as previously shown.
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Meta-analysis For each eligible study, odds ratios (ORs) and their respective 95% confidence intervals (CIs) were estimated to evaluate effect sizes of the primary outcomes (liver histology parameters). As some of the trials reported few events of interest, the Peto method was used. 18 An OR greater than 1.00 indicated improved histological findings with TZD use compared to placebo. As patient populations may have differed among studies (e.g. treatment regimens, lifestyle modifications and populations), a random-effects model incorporating the variance between study findings in a weighted average of rate ratios (weighted according to sample size), was used to estimate the combined (summary) OR and its 95% CI. As confirmation, OR estimates, P-values and confidence limits were also computed using exact stratified methods with STATXACT software, version 6 (Cytel Inc., Cambridge, MA). The Cochran Q statistic 19 and Inconsistency Index (I 2 ) were used for assessing heterogeneity among studies for which results from three or more trials could be pooled. 20 Publication bias was examined by visual inspection of funnel plots for symmetry and using the Egger test to determine whether there is an association between test accuracy estimates and their precision. Except for the exact methods, all statistical procedures were performed using Comprehensive Meta Analysis software, version 2 (Biostat, Englewood, NJ). 21 Statistical significance for the two-sided P-values was set, a priori, as <0.05.
Calculation or estimation of weighted averages
Weighted average was calculated for biochemical and anthropometric parameters extracted from various studies. For each qualifying study, the baseline and end-of-study population means and standard deviations (SD) were estimated. For the means, either the reported sample mean or sample median was used. For standard deviations, the reported value was used if available; if instead the interquartile range was available, an estimate of the associated SD was computed; if only the baseline SD was reported, that was also used as the SD for the end-of-study (and vice versa). In the few cases where no SD was reported, the value was calculated from the reported mean difference from baseline to end-of-study, together with the reported P-value and sample size. These separate mean values, from each study, were combined into an overall weighted mean using the individual study sample sizes and SDs. For studies not reporting a paired P-value comparing baseline and end-of-study values, the baseline and end-of-study estimated means and SDs were used to calculate a P-value, assuming a correlation between pre and postvalues typically seen in studies such as these. Finally, the overall pooled one-sided P-value was computed using Fisher method of combining one-sided P-values from each study. The STATA statistical software, version 11 (Stata Corp, College Station, TX) was used for these statistical calculations.
RESULTS
Study characteristics
Characteristics of the 11 studies identified by specific criteria on initial screening ( Figure 1 ) are outlined in Supporting Table S1 . [31] [32] [33] [34] Characteristics of the four studies included in the meta-analysis are outlined in Table 1 .
Characteristics of study patients Baseline characteristics of patients in the 11 individual studies are shown in Supporting Table S2 . Baseline characteristics of patients in the four studies included in the meta-analysis are shown in Table 2 .
Meta-analysis: changes in liver histology with TZD All four studies [22] [23] [24] [25] included in the Peto OR meta-analysis for assessing changes in liver histology were RCPTs (Table 1) . Based on the Jadad 3-item scoring system for quality assessment of RPCTs, 13 all studies were of good quality with an overall quality score of 3.00 of a maximum score of 3. One study was conducted in the UK, 22 two in the US 23, 24 and one in France. 25 Three were multicentre studies [22] [23] [24] and one was conducted at a single centre. 25 The average age of patients included in the four studies was 50.8 years for the treatment group and 51.4 years for placebo. A total of 56.2% were male in the treatment group; 46.3% were male in the placebo group.
Pooled results from these four trials ( Figure 2) found that TZD use (n = 169) was associated with an increased likelihood for improvement in the following histological parameters of the liver: ballooning degeneration (OR, Assessment of heterogeneity and publication bias For primary outcomes in which the results from all four trials could be pooled, the P-values for the Q statistic were nonsignificant (all P ‡ 0.387), indicating a lack of heterogeneity across studies. Although a sample of only four studies was small, there was no obvious publication bias for any of these outcomes of interest among the studies, based on visual inspection of funnel plots and the Egger regression method (all P ‡ 0.371).
Sub-analysis of pioglitazone vs. placebo
We performed a sub-analysis including the three RPCT comparing pioglitazone vs. placebo. Pooled results from these three trials ( Figure 3 Changes in biochemical parameters in patients with TZD Pooled analysis of the changes in biochemical parameters was performed by calculating or estimating the weighted averages. These changes are summarised in Tables 3 and 4 . Both AST and ALT consistently improved with time and the decreases were highly significant both in control and TZD-patients. Although far fewer studies reported extractable data for total bilirubin, a significant decrease occurred only in TZD-treated patients.
Fasting plasma glucose slightly but significantly increased in control patients, whereas it slightly but significantly decreased in those with TZD treatment. Fasting plasma insulin significantly decreased both in the control and TZD-treated patients, but the magnitude of change was apparently greater in those receiving TZD. A decrease in haemoglobin A1c (HbA1c) was significant only in TZD-treated patients. The concentration of free (nonesterified) fatty acids (FFA or NEFA) showed a borderline significant increase with time in the controls, whereas FFA significantly decreased in TZD-treated patients.
The total cholesterol (TC) significantly decreased, whereas the low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C) and trigly- E E. . B Bo oe et tt tc ch he er r e et t a al l. .
cerides (TG) did not change significantly with time in control patients. The TC and LDL-C borderline significantly decreased, whereas HDL-C significantly increased and TG significantly decreased with TZD treatment.
Changes in Body Fat and BMI in patients with TZD
The average increase in body weight (kg), BMI, % body fat with TZD use was 3.99, 0.73 and 1.8, respectively; these were all statistically significant. Liver fat decreased by a total of 11.2% (pre-treatment: 21.3% vs. post-treatment 10.1%, P-value < 0.0001) with TZD use.
Adverse events in patients with TZD Supporting Table S3 lists the most common adverse events. Most reported adverse events in the treatment groups were mild and related to gastrointestinal upset, lower extremity oedema and generalised fatigue. Only four patients in two studies 15, 24 reported serious adverse events that were thought to be unrelated to the treatment medication (myocardial infarction, recurrent autoimmune uveitis, arthritis, transient ischaemic attack).
DISCUSSION
The main finding of the meta-analysis was that the histological parameters of ballooning necrosis, combined necroinflammation, steatosis, lobular inflammation and to a lesser degree, fibrosis, are all improved with the TZD vs. control group. In a sub-analysis, pioglitazone showed significant improvement in improving fibrosis compared with placebo. This is in contrast to a previous meta-analysis of randomised trials for the treatment of nonalcoholic fatty liver disease 35 which not only included three 22, 23 26, 27 , found a reduction in steatosis and ballooning, but no improvement in lobular inflammation or fibrosis compared with control. In this meta-analysis, we excluded open label trials, and studies in which the control group received active treatment. Furthermore, we believe that our results are different from these two previous meta-analyses because we conducted a sub-group analysis to assess the efficacy of pioglitazone alone. Therefore, we included three randomised placebo-controlled trials that compared the efficacy of pioglitazone vs. placebo, and for this subgroup analysis, we excluded the RCT evaluating the efficacy of rosiglitazone vs. placebo. The main finding of the pooled analysis is that serum AST (mean reduction of 8.55 U ⁄ L) and ALT (mean reduction of 18.65 U ⁄ L) levels declined significantly in NASH patients treated with TZDs compared with controls. In terms of anthropometric findings, in TZD-treated patients, there was significant weight gain (mean increase in body weight was 3.99 kg) associated with significant increase in BMI. The percentage total body fat markedly and highly significantly increased with TZD treatment (mean increase in body fat was 1.8%).
There is currently no widely accepted treatment for non-alcoholic steatohepatitis. Many pharmacological agents have been studied, including the class of antidiabetic agents, such as the TZDs. Over the past several years, studies with TZDs in NASH patients have yielded promising results. The results of this study indicate that while TZDs may be beneficial in the treatment of NASH, weight gain and increase in total body fat among subjects receiving these medications may detract from their usefulness.
Strengths of this study included the good quality of the studies included in both the pooled results and the metaanalysis and unidirectional nature of the study findings. The patients included in the pooled analysis were derived from three continents (North America, Europe and Asia). The treatment duration of the majority of the studies was at least 6 months or greater. There were few dropouts in the trials, and follow-up was adequate. In addition, the results of the meta-analysis were uniform across studies with just minor variability. All these suggest good generalisability of these reported findings.
Limitations of this study included the variation in study design and in reporting of both biochemical and histological parameters. In terms of study design, there were varying doses of the study medication, and some of the trials enforced strict diet and exercise regimens in addition to or in lieu of the treatment, while others did not incorporate any lifestyle modification into the design. In addition, inclusion criteria varied with some trials allowing type 2 diabetics, while others excluding such patients. In reporting of biochemical parameters, although ALT and AST were consistently reported, most other biochemical parameters were not recorded across all studies and this made pooling data difficult. In regard with the histological parameters, there were three scoring systems used to report the liver biopsies. 15, 16, 29 The score range for ballooning necrosis, steatosis, hepatocellular injury, lobular inflammation and portal inflammation differed between these systems, making difficult to compare the degree of changes in these parameters. In addition, the recorded results varied extensively with some studies, only reporting the percentage of patients with an improvement in score, while others reporting the change in score. This indicates a need for standardisation of study design, out- ALT, alanine aminotransferase; AST, aspartate aminotransferase; BG, blood glucose; HgbA1c, haemoglobin A1C; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; NASH, non-alcoholic steatohepatitis; Total-C, total cholesterol; Trig, triglycerides; TZD, thiazolidinediones.
Significant p-values are in bold.
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CONCLUSIONS
In conclusion, serum ALT levels and histological parameters improve in NASH patients treated with the TZDs. There is a suggestion that pioglitazone might reverse fibrosis in NASH. Further studies are needed to assess antifibrotic effects of TZDs. Results of the current study suggest that future trials in NASH would benefit from standardising study design, treatment outcomes and histological scoring. Connor, MD.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Table S1 . Characteristics of the 11 studies identified on initial screening. Table S2 . Baseline characteristics of the subjects identified on initial screening. Table S3 . Reported adverse events and serious adverse events in treatment and placebo groups.
Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article. BMI, body-mass-index; FFA, fasting free fatty acids; fasting waist circumf, waist circumference; NASH, non-alcoholic steatohepatitis; TZD, thiazolidinediones; Wt, weight.
